
RD-A±7± 144 DEVELOPMENT OF A PROTOTYPE COMPOSITE FIELD REPAIR KIT V
(U) ARMY MATERIALS TECHNOLOGY LAB WATERTOWN M
J D ROTENBERRY ET AL. JUN 96 NTL-TR-86-23

UNCLASSIFIED DRR046-84-C-0044 F/G 14/2 M



1111IL2 1111 14 2111 .0

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU Of STANDARDS-1963-A

%xw ~ ~ '



MTL TR 86-23 A

DEVELOPMENT OF A PROTOTYPE
COMPOSITE FIELD REPAIR KIT

J. DAVID ROTENBERRY and JOHN W. GIBSON
SOUTHERN RESEARCH INSTITUTE

,- STANLEY E. WENT WORTH
__ POLYMER RESEARCH DIVISION

~ June 1986

Approved for public relese; distribution unlimited.

P. I

US ARMY--

LABORATORY COMMAND
MATERIALS TECHNOLOGY U.S. ARMY MATERIALS TECHNOLOGY LABORATORY
LABORATORY Watertown. , o,,.huoet 02172-0001

86 8 P 080
- . . . - - . . . .'"" " ,, " , '>, " .. ."- . .' ' ' ' '' ,-.- , -. ' -'''.. - .- "-...7'-"-"- . .-- . -'.-.--- .,'.' ,'-'-'-



p'...,

The findings in this report are not to be construed as an official.-"
' "

Department of the Army position, unless so designated by other "*

authorized documents.

Mention of any trade names or manufacturers in this report"'"

shall not be construed as advertising nor as an official ';

indorsement or approval of such products or companies by,.-

the United States Government. '*'

Destroy this report when it is no longer needed. :.:

Do not return it to the orgintor. , '

-.. 2 -A.



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
BEFORE COMPLETING FORM

I. REPORT NUMBER 12. GOVT ACCESSION NO. 3. RECIPIENT*S CATALOG NUMBER

rn*I TR 86-23 e
4. TITLE (and Subtitle) S. TSPE OF REPORT & PERIOD COVERED

DEVELOPMENT OF A PROTOTYPE COMPOSITE Final Report
FIELD REPAIR KIT "6 PERFORMING ORG. REPORT NUMBER

7. AUTNOR(s) S. CONTRACT OR GRANT NUMBER(&)

J. David Rotenberry,* John W. Gibson,* and

Stanley E. Wentworth DAAG46-84-C-0044

9. PERFOiRMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASKAREA S WORK uNIT NUMBESS
U.S. Army Materials Technology 

Laboratory

Watertown, Massachusetts 02172-0001 D/A Project: 1L161101A91A
SLCMT-OMP

If. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

U.S. Army Laboratory Command June 1986
2800 Powder Mill Road is. NUMBER OF PAGES

Adelphi, MD 20783-1145 19
14. MONITORING AGENCY NAME & ADDRESS(I different from Controlling Office) IS. SECURITY CLASS. (of this report)

Unclassified
15a. DECL ASSIFICATION/DOWNGRADING

SCHEDULE

IS. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

IS. SUPPLEMENTARY NOTES

*Southern Research Institute

Birmingham, Alabama

I9. KEY WORDS (Continue on reverse side it necessary end Identify by block number)

Composite materials Field repair
Maintainence Battle damage repair
Repair kits Epoxy resins

20. ABSTRACT (Continue on reverse side if necesery and Identify by block number)

SEE REVERSE SIDE

DO JFOAN73 1473 EDITION OF I NOV 65 IS OBSOLETE UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

Se4



UNCLASSIFIED
SECURITY CLASSIICATION Of THIS PAE iWhen DoI& Ented)

Block No. 20

ABSTRACT

A novel composite field repair kit concept based on packaging utilized
in the instant photography field has been investigated. The objective of
the work was to retain the simplicity of a one-part patch while circum-
venting the shelf-life problems associated with such materials. In essence,
the kit would isolate each component until the patch was needed an then
combine them in the proper ratio by means of a simple operation. A number
of kit designs were investigated along with several variants of the basic

materials formulation. While an acceptable kit was developed, its compo-
nents could not be adequately mixed without extensive manipulation due,
in part, to a severe mismatch in their viscosities. Thus, the kit did not
constitute a significant advance over similar state-of-the-art kits.
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1 . INTRODUCTION

The objective of this project was to design and develop a composite
field repair kit containing the three required components: epoxy resin, amine
curing agent, and glass cloth. The need for making repairs easily and quickly
in the field precludes weighing the required amounts of epoxy resin and
hardener, mixing the two components, and subsequently impregnating a
reinforcing patch with the mixed components. Rather, a kit is preferred in
which the individual components are premeasured and stored separately so that
the kit will have a long shelf life, be easy to use, and be activated by a
simple processor. The kit would then be passed through the processor, and upon
opening the package, the impregnated patch would be removed and placed upon the
composite structure to be repaired. Ideally, the processor should be similar
to those used in the "instant-photography" field.

Toward this end, Southern Research Institute undertook a research
project to design and develop a kit and processor that would meet these
requirements. The program was divided into three phases. Phase I included the
development of concept models, selection of packaging materials, and design
validation. The design validation included, as a minimum, the following four
parameters.

* Thoroughness of mixing

" Uniformity of spreading and impregnation of the patch

" Effectiveness and simplicity of the processor

" Durability of packaging material

Upon completion of Phase I of the project, a review meeting was to be held to
consider approval of the kit design. If the design was acceptable to the
government, then Phase II was to be initiated.

In Phase II, prototype kits were to be fabricated and tested under
the guidelines established in Phase I. At the end of Phase II, the prototype
that was most satisfactory was to be demonstrated at a second review meeting.

Finally, after approval of the selected prototype, Phase III was to
be initiated. In Phase III, we planned to fabricate 50 kits and two processors
and deliver these to the government. Also, an instruction manual describing
the use of the kit and processor was to be delivered to the government.

2. MATERIALS AND METHODS

Phase I of this project was directed toward both the selection of
packaging materials and the design, fabrication, and evaluation of prototype
repair kits. During this time, we investigated the durability of the packaging
material, the pot life and curing time of various resin/hardener compositions,
and the fabrication of a burstable seal. Also, we have studied the effects of
the design of the liquid-component reservoirs and the mixing chamber on the
thoroughness of mixing. This work is described in the following sections.

.--- 1
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2.1 Selection of Packaging Materials.

In our evaluation of packaging materials, we examined their burst
strength, temperature stability, ability to retain a vacuum, and inertness to
the epoxy components. Because of the reactivity of the amine hardeners,
polyolefin sheets and laminates with an inner lining of polyolefin were the
only materials we evaluated. Our initial compatibility tests showed that
polyethylene (PE) film was not affected after prolonged exposure to either the
resin or amine hardeners. Because of the requirement for a long shelf life, we
felt that PE alone did not offer adequate barrier properties against water
vapor. For this reason, we considered only laminates consisting of an inner
polyolefin layer bonded to a layer of aluminum foil. Two materials were chosen
for evaluation. One was a polyethylene/aluminum foil/kraft paper laminate,
AT5031, from Ludlow Corporation, Holyoke, MA. The other was a polypropylene/
aluminum foil/nylon laminate, Marvelseal 360, also from Ludlow Corporation.

Twenty samples of each of these materials were tested on a Mullen
Burst Tester. The average burst strength for the AT5031 laminate was 47 psi
while that of the Marvelseal 360 was 78 psi. Although the Marvelseal 360
appeared to be the better choice, we found that it would require thermo-
stripping for permanent heat sealing. Consequently, we used the AT5031 in all
subsequent work.

2.2 Resin/Hardener Compositions.

All of the work performed on the project was centered on the use of
Epon 828 epoxy resin and diethylenetriamine (DETA) both of which were obtained
from Shell Chemical Company, Houston, TX, these materials were those those
specified in the contract. During our preliminary studies, however, we decided
that better mixing could be achieved by modifying the resin/hardener system.
This decision was based on two considerations. First, the Epon 828
resin is considerably more viscous than the DETA, and the disparity between the
viscosities increases the difficulty of mixing the two materials. Furthermore,
the resin/hardener volume ratio for the Epon 828/DETA system is about 10 to 1,
which does not favor good mixing. To reduce these effects, we evaluated two
other materials in our work. The first material that we considered was
Araldite RD-2 Reactive Diluent (butyl glycidyl ether, Ciba Geigy, Ardsley, NY).
Araldite RD-2 is commonly used to reduce the viscosity of epoxy resins and is
reported to have a minimal effect on the strength of the cured resin. The
second material that we used was Curing Agent U (Shell Chemical Company,
Houston, TX). Curing Agent U is an amine adduct that is essentially the
product formed by capping Epon 828 with DETA. Because of the longer chain
length of this material, it has a much higher viscosity than DETA. Moreover,
Curing Agent U has a higher amine equivalent weight than DETA, and the
resin/hardener volume ratio is lower for Curing Agent U than for DETA. The
resin/hardener systems that we investigated are listed below.

J Epon 828/DETA

* Epon 828/Curing Agent U

* Epon 828:Araldite RD-2/DETA

* Epon 828:Araldite RD-2/DETA:Curing Agent U

2
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The results obtained with these systems are discussed in Section 3 of this
report.

2.3 Kit Design.

Our original concept for the repair kit included a resin compartment,
hardener compartment, mixing chamber, and a fabric compartment. The resin and
hardener compartments were to be sealed with "burstable" seals, as was the
fabric compartment. The pressure generated upon passing the kit between the
two rolls of a processor would burst the seals of the resin and hardener
compartments and force these materials into the mixing chamber. During transit
in the mixing chamber, the materials would be mixed. At the exit end of the
mixing chamber, a second seal would be ruptured, and the mixed resin would be
forced onto the glass cloth. We conducted our initial design studies with a
clear packaging material so that we could observe the mixing of the resin
and hardener during processing. In those tests, we doped either the resin or
hardener with a colored pigment. These studies showed that mixing was not
easily achieved because of the relatively high viscosity of the epoxy resin.
Also, we determined that the kit should consist of four distinct sections. The
four sections are a liquid-components reservoir, a mixing chamber, a patch
compartment, and an excess-liquid reservoir. The general design of the kit is
shown in Figure 1. Note the folded seal and clip arrangement between the
liquid-components reservoir and the mixing chamber. This was determined to be
the most reliable seal.

(UNFOLDED) 
SHIMS

CM N 
DIRECTION

LIUID CNEXCESS OF FLOW

COMPONENTS EPOXY
RESERVOIR RESERVOIR

TOP VIEW

RETAINER
CLIP .... l (FOLDED)

SIDE VIEW

BURSTABLE SEALS 14.1

Figure 1. Schematic of prototype repair kit.

3

r.d' " . -. . . . -
• ,:,.,, - • ,.,,, , ,, -. . ,.,,,;,:..,. ,,, .. ,.:. .'..'..",..: ......-.. . .---...-.... ;'.-....-.. .... . ..-.. ,.-..-.... .. -.-



One approach to improved mixing that we considered was the

arrangement of the resin and hardener compartments. Figure 2 shows the various
designs that we evaluated. These range from simple two-compartment designs to
a five-compartment design. While increasing the number of compartments
improves the overall mixing, this alone does not solve all of the problems
associated with mixing the two components.

Figure 3 shows the basic designs considered for the mixing chamber.

The simplest of these is an open compartment with no baffles. A kit of this
type was demonstrated to Dr. Wentworth during his visit on December 17, 1984.
The remaining designs differ by the degree of complexity of the system of
baffles included in the mixing chamber. The addition of baffles was done to
increase the shear forces acting on the liquids during transit in the mixing
chamber.

The glass-cloth compartment is relatively simple. Two shims are
included to control the amount of resin that is impregnated into the cloth.
These are constructed to hold the fabric in place and prevent movement of the
fabric during processing. The excess-resin reservoir was included to contain
excess resin and prevent rupture of the kit at the downstream end. Excess
resin is required to obtain uniform impregnation of the fabric.

BURSTABLE SEALS BURSTABLE SEALS

DESIGN A DESIGN D_________________

HARDENER --
F LOW

RESIN HARDENER

RESIN

BURSTABLE SEALS BURSTABLE SEALS

DESIGN B DESIGN E

RESIN

FLOW HARDENER RESIN RESIN

RESINL/.-

SURSTABLE SEALS

DESIGN C HARDENER

RESIN

HARDENER

FRESIN

HARDENER

RESIN

Figure 2. Designs for the epoxy-components compartment.
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A. C. SAME AS B EXCEPT 4 x 8 in.

OPEN WITHOUT BAFFLES

FLOW.91.1 D. SAME AS B EXCEPT4 x 12 in.

'p

DIAMOND-SHAPED
SPOT WELDS

B. E.

4 I

I ~ I

S 4 . POROUS-PAD
I WELDED TO

* A. * A. I OFPACKAGE I

I ~ ::.x~x~:~F LOW

4 in.114

Figure 3. Mixing-chamber designs.

2.4 Fabrication of Prototypes.

Except for our preliminary work, all prototype kits were manufactured
using the AT5031 laminate from Ludlow Corporation. With the exoeption of the
mixing-chamber pattern, all of the heat seals were made with a 1/8-in.
ribbon-type thermal-impulse heat sealer from Vertrod Corporation. The
mixing-chamber pattern shown in Figure 3.A was fabricated using a 4 x 4 x
1/4-in. aluminu- template. Pattern A was produced by placing the two layers of
AT5031 laminate over a 1/8-in. silicone-rubber pad resting on the bottom platen

(unheated) of a Pasadena Heat-press (Pasadena Hydraulics Inc., El Monte, CA).
The aluminum template was placed pattern down on top of the upper layer of
material, and the press was closed so the 4 x 4-in. aluminum template contacted V
the top, heated platen of the press. The time, temperature, and pressure

conditions required for the formation of a good bond between the two layers

were determined.

The burstable seals were made with the Vertrod Heat sealer at a

setting of 1.0 to 1.5 on the dwell dial. We attempted to prepare seals that
were leakproof yet weak enough to rupture under the applied pressure of the
processor. Unfortunately, seals that are strong enough to prevent leaking of

5,.
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the hardener do not rupture reliably. We attempted to overcome this problem by
using a strip of low-density PE such as Parafilm (Greenwich, CT) in the seal.
This approach did not work well either. The best approach appears to be the
use of a weak heat seal and a mechanical retainer clip to keep the less-viscous
liquid components from leaking. The clip that best suited our requirements was
a split length of rigid polyethylene tubing that we manufactured ourselves.

All seals except the end seal for the liquid-components reservoir
were made before filling the resin and hardener compartments. The resin and
hardener were added through the end of the liquid compartments, and the air was
pressed out. The end of the kit was then heat sealed with the Vertrod heat
sealer. All kits were allowed to sit overnight at ambient temperature before
processing.

2.5 Evaluation of Prototypes.

2.5.1 Thoroughness of mixing.

One of the major tasks that was to be completed in Phase I was the
development of a quantitative measure of the thoroughness of mixing. We
examined four methods for this aspect of the project. Initially, we attempted
to determine the degree of mixing by measuring the exothermic heat of reaction
on a Perkin-Elmer differential scanning calorimeter. This method was extremely
time-consuming, and the observed heat of reaction was highly dependent on the
elapsed time between processing the kit and starting the scan. For these
reasons, it was abandoned. The second method involved the use of two different
dispersed pigments, one in each of the epoxy components. While this method
provided a good qualitative assessment of the degree of mixing, it was only
useful for rangefinding studies. In the third method, we dissolved an
acid-base indicator in the resin which changed color when mixed with the
hardener. This technique provides excellent sensitivity and is a good way to
determine the degree of mixing both qualitatively and quantitatively.
Unfortunately, a specific procedure is not generally applicable to a wide range
of curing agents because the dye must be selected on the basis of the change of
pH that occurs on mixing. For this reason, the technique requires considerable
development time when a new resin or hardener system is used.

For the last method, we used a dye dissolved in the hardener. We
chose Solvent Red 119 (SR 119) as the dye for ttiese studies. Solvent Red 119
is another name for Neozapon Fire Red G from BASF Corp., Holland, Michigan. To
quantify the amount of DETA present in resin/hardener mixtures, a Beer's Law
plot of absorbance versus dye concentration was prepared by the following
procedure.

We prepared a stock solution by dissolving 0.88 g of SR 119 in

202.9 g of DETA. This solution was used in the development of the assay
procedure as well as in the preparation of prototype kits. We nrepared a
second stock solution by diluting 1.11 g of the SR 119/DETA solution to 250 mL
with n-propanol. We prepared a third stock solution by dissolving 10.06 g of
Epon 828 in enough n-propanol to yield 250 mL. Solutions comprising various
ratios of the latter two stock solutions were prepared, and the absorbance was
determined as a function of wavelength on a Perkin-Elmer Lambda 3b Scanning
UV-VIS spectrophotometer. The maximum absorbance was observed at 454 rm.

6
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Because the ratio of SR 119 to DETA is constant, the absorbance can be related
to the DETA concentration in the n-propanol solution. A Beer's Law plot of
abeorbance at 454 run versus the concentration of DETA in g/mL gave a
correlation coefficient of 0.994, a Y-intercept of 0.00001, and a slope of
0.00902.

We were concerned about the potential effect on the absorbance of the
cured epoxy. To determine this effect, we allowed the solutions containing
SR 119, DETA, and Epon 828 to stand for 30 min. The scans were repeated, and
no change in absorbance was observed. Upon further standing, however, a slight
turbidity was noted. When the scans were repeated, a high absorbance was
observed across the entire spectrum. From this information, we decided that
the samples of processed kits should be read on the UV-VIS spectrophotometer
within 30 min of processing. We then repeated the above procedure using the
same two 250-mL stock solutions (which showed no signs of turbidity) and
obtained identical results. This entire procedure was repeated later using an
initial starting mixture of 1.02 g of Solvent Red 119 in 249.49 g of Curing
Agent U to prepare a standard curve for use with kits prepared with the Curing
Agent U hardener.

2.5.2 Test procedure.

In these experiments an Atlas laboratory wringer, type LW-i (Atlas
*Electric Devices Co., Chicago, IL), was used to process the kits. A variable-

speed DC motor was attached to the wringer, and the fixed-speed motor supplied
with the wringer was detached. Most of the experiments were performed at 8 rpm
(1 rpm -0.55 linear ft/mmn), and all kits we re processed at a 1295-g load on
the 1-ft lever attached to the top roller of the wringer. The mechanical seals
on the kit were removed (if present), and the kit was passed between the

* rollers, liquid compartment first. In cases where multiple passes were
performed, the wringer was stopped 3 in. before the patch compartment, and the
kit was turned around and passed back through the wringer. This procedure was
repeated until the desired number of passes had been achieved.

Immediately after processing, the kit was placed flat on a Teflon
sheet and 1-1/8-in, samples were stamped from the patch compartment using a
1-1/8-in. -diameter arch punch. Typically, five samples were removed from each
kit. Each sample was placed in a preweighed scintillation vial containing
10 mL of n-propanol, and the vial was reweighed to determine the sample weight.
The contents of each vial were mixed vigorously on a vortex mixer (Vortex-Genie
Model No. K-550-G, Scientific Industries, Inc., Bohemia, NY). Finally, the
absorbance at 454 nm was determined.

The weight of the resin/hardener mixture in each sample was
determined from the difference between the sample weight and the weight of the
packaging and glass cloth. The ratio of hardener to resin was calculated based
upon the amount of hardener as determined from the absorbance at 454 nm.

7



3. RESULTS AND DISCUSSION

The first quantitative studies that we conducted were directed toward

determining the best design for the mixing chamber of the repair kit. These
initial studies showed that the main problems with mixing were related to the

disparity between the viscosities and volumes of the two components of the
resin system. The viscosity of Curing Agent U more nearly matches the
viscosity of Epon 828 than does the viscosity of DETA. Also, because the amine
equivalent weight of Curing Agent U is higher than that of DETA, the volume

ratio of Curing Agent U to Epon 828 is higher than the volume ratio of DETA to
Epon 828. Because of these advantages, we also conducted studies with Epon 828

resin and Curing Agent U.

After we had completed the mixing-chamber studies, we investigated

the effect of the design of the liquid-components reservoir on the thoroughness
of mixing. Other resin/hardener systems were then considered using the

reservoir and mixing-chamber designs that performed best in the early studies.
Finally, we considered processing conditions and their effect on mixing. The

results of these tests are described in the following sections.

In fabricating the kits for testing, we found that the amounts of the

two epoxy components that were contained in each kit were somewhat difficult to
control. This was because part of the liquid would be lost during the
heat-sealing step. We were not overly concerned about this shortcoming because
we believed that the use of automated equipment in a manufacturing operation
would overcome this problem.

3.1 Study of Mixing-Chamber Design.

Thirty kits were fabricated in the general pattern of Figure 1. All

of these had the five-section liquid-components reservoir shown in Figure 2.C.
We prepared 15 of the kits using DETA as the hardener and 15 using Curing

Agent U as the hardener. The kits were processed as described in

Section 2.5.2. A single pass through the processor at a linear velocity of 4.4
ft/min was used for all of the kits. The results of these experiments are

presented in Tables 1 and 2. For each kit, the initial composition of the
resin and hardener are given. The design of the mixing chamber is described by
referencing the appropriate diagram in Figure 3. The length of each pattern is
also given. The mixing data give the actual weight percent of hardener found

in each sample as well as the mean and standard deviation, S, for the kit. As
shown, none of the kits prepared with DETA provided good mixing. Similar poor
results were observed for Curing Agent U. Although some improvement was noted
for kits C814-93-B-1 and -2, these results are not conclusive because of the
low amount of hardener in the processed mixture compared to the initial ratio
of resin to hardener in the kit.

8
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TABLE 1. EFFECT OF MIXLNG-CIIAMBER DLMSIGN ON MIXING OF ErON 828/fIET S'rr:TV-

Kit iRxv828 TA, Mixing cdimnlrb Iirdentr, Wan

(214-76 W I Z .k- sign Length, in. Smnple U4 % wt I S

-AI90.3 9.7 3.A 5 A 6.4

B I ).O p.9 5.4
C 5.3

)0.8 9.2 I.A 5 A 15.0
B 5.5 10.0 4.6
C 10.0

-A-3 90.6 9.4 I.A 5 A 3.8
B 3.1 9.3 10.0
C 21.0

-C-1 94.7 5.3 3.A 9 A 12.0
B 4.4 9.5 4.5
C 12.0

-C292.9 7.1 I.A 9 A 101.0
B 1.8 35.0 57.0
C 1.9

-. 393.2 6.8 I.A 9 A 101.0
B 2.0 36.0 57.0
C 5.2

-B-1 90.7 9.3 3.B 4 PackWc ruptured
3.AI

B1-2 91.0 9.0 3. o 4 A 7.7
B 9.1 14.0 8.9
C 24.0

-B-3 91.7 8.3 3.B 4 Package ruptured
3.A I

-D-1 95.6 4.4 3.8 4 A 3.7
3.A 5 B 33.0 18.0 14.0

C 18.0

-0-2 92.9 7.1 3.B 4 A 2.5
3-A 5 B 12.0 7.0 4.9

C6.

-D-3 93.2 6.8 3-B 4 A 5.7
3-A 5 B 3.9 6.9 3.7

C 11.0

-E-1 93.0 7.0 3.f a8 A 5.3
3.A 1 0 3.8 5.3 1.5

C 6.1

-E-2 87.8 12.2 3.B3 8 A 17.6
3-A I B 7.5 15.0 6.7

C 2.

-E-3 93.2 11.8 3.1'. 8 Pnckage rojUpt'w
3.A I

ie 
KV



TABLE 2. EFFECT OF MIXING-CHIAMBER-DESIGN ON MIXING OF EPON 828/CURING AGENT U

Initial canposition Mixjz data

Kit Epon 828, Curing Agent U, mixing chanber Hardener, wban,
C814-93 t % % Design length, in. Smple ut % wt % S

-A-I 82.3 17.7 3.A 5 A 7.4
B 32.0 22.0 13.0
C 27.0

-A-2 78.3 21.6 3.A 5 A 3.3
B 18.0 21.0 19.0
C 42.0

-A-3 73.0 27.0 3.A 5 A 1.0
B 30.0 14.0 14.0
C 12.0

-c-I 69.2 30.8 3.A 9 A --

B 12.0
C 11.0

-C-2 76.6 23.4 3.A 9 Package rnptured

-C-3 71.5 28.5 3.A 9 A --

B 16.0
C 18.0

-B-I 69.5 30.5 3.B 4 A 10.0
3.A 1 B 10.0 10.0 0.0

C 10.0

-B-2 72.6 27.4 3.B 4 A 10.0
3.A I B 11.0 11.0 0.0

C 11.0

•-,)--3 80.4 .9.6 3.B 4 Package ruptured
3.A 1

-D-i 72.3 27.7 3.B 4 Package ruptured

3.A 5

-0-2 58.7 40.3 3.B 4 Package nptured
3.A 5

-D-3 70.8 29.2 3.5 4
3.A 5

-E-1 72.1 27.7 3.B 8 Package ruptured
3.A I

-E-2 76.5 23.5 3.B 8 A 35.0
3.A I R 23.0 2.0 12.0

C 10.0

"E-3 71.6 28.4 3. R 8 A 11.0
3., I B 11.0 11.0 0.0

C 11.0
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3.2 Effect of Liquid-Components-Reservoir Design.

To determine the effect of the arrangement of the resin and hardener
compartments on mixing, we manufactured 15 kits with different liquid-
components-reservoir designs. Epon 828 and Curing Agent U were used in all of
the kits. All of the kits had a 4 x 4-in. liquid-components reservoir, a
4 x 15-in. mixing chamber, a 4 x 4-in. patch compartment, and a 2 x 4-in.
excess resin reservoir for an overall length of 24 in. Each kit was processed
in a single pass through the rollers at a speed of 4.4 ft/min. The results of
these tests are presented in Table 3. The liquid-components reservoir for each
kit is described by referencing the appropriate diagram in Figure 2. The
mixing chamber used in these studies was an 8-in. pattern of design 3.B
followed by a 7-in. section of design 3.A. Here again, mixing was poor. It
appears, however, that the more subdivided liquid-components reservoir of
design 2.B improved mixing. These experiments also confirmed the difficulty of
reproducing a burstable seal that would not leak.

3.3 Effect of Resin and Hardener Composition on Mixing.

We attempted to improve mixing by working with resin systems that
were lower in viscosity than the Epon 828. To do this, we diluted 600 g of
Epon 828 with 108 g of Araldite RD-2 Reactive Diluent. Although the viscosity
of this system is much lower than neat Epon 828, it is still higher than the
viscosity of neat DETA. For this reason, we prepared a mixture of 397 g of
DETA and 529 g of Curing Agent U which more nearly matched the viscosity of the
mixed-resin system. Fourteen kits were fabricated with the mixed-resin system.
Seven of these incorporated DETA as the hardener. The DETA/Curing Agent U
mixture was used as the hardener in the other seven. All of the kits were
prepared with the liquid-components reservoir shown in Figure 2.B. The mixing
chamber designs used in these studies are listed in Table 4 along with the
results of the experiments. The kits were processed in a single pass at
4.4 ft/min. As expected, better mixing was obtained with the lower-viscosity
materials. Although the viscosity of the mixed-hardener system more nearly
matches the viscosity of the mixed-resin system, better mixing was obtained
when neat DETA was used as the hardener. Also, a slight improvement in mixing
was observed with the longer mixing chamber.

3.4 Effect of Processor Speed.

To determine the effect of the speed of the rollers during
processing, five kits were fabricdced and tested at speeds ranging from 1.1 to
5.5 ft/min. The liquid-components reservoir shown in Figure 2.3 and the mixing
chamber shown in Figure 3.D were used in each kit. The results of this study
are shown in Table 5. These results show that mixing can be significantly
improved by reducing the speed of the rollers.

1
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TABLE 3. EFFECT OF LIQUID-COMPONENTS RESERVOIR ON MIXING
WITH EPON 828/CURING AGENT U SYSTEM

Initial composition .iquid-%ci ,pent s Mixicg data
Kit rim 828, (urirgtent 1, reservoir lirdelwr, HM .,
(814-1(0 wt wt 2 design Sample X wt S

-D-I 85.0 15.0 2.A Packiw, riq'mvl ,.d

-D-2 75.3 24.7 2.A A 98.)
B 44.0 47.0 36.0
C 14.0

I) 34.0)

-D-3 69.6 30.4 2.A A 59.0
8 67.0

C 53.0 38.0 29.0
0j 7.7

E 5.1

-A-I 85.9 14.1 2.1 A 7.6

0 21.0 12.0 5.8
C 12.0
D 10.0

-A-2 83.9 16.1 2.1) A 35.0
B 8.6
C 29.0 23.0 12.0
D 20.0
E 26.0

-A- 90.8 9.2 2..) A 5.0
1 6.8

-B-I 88.6 11.4 2.F Packige nilttred

-B-2 92.t3 7.4 2.E Package ruptured

-B-3 65.6 34.,4 2.E Packag ruptured

-C-I 82.1 17.9 2.C A 52.0

B 19.0 33.0 14.0
C )7.0
1) 26.0

•.C-2 75.4 24.6 2.C A 40.0
B 30.0
C 36.0 30.0 8.1

D 22.0
E 22.0

-C-3 80.6 19.4 2.C A 23.0

B 16.0
C 16.0 20.0 4.0

D 20.0
E 24.0

12



TABLE 4. EFFECT OF RESIN AND HARDENER COMPOSITIONS ON MIXING

Kit contents

Araldite Mixing chatber Mixing data
Kit Epon 828, RD2, .iTA., ('urig Agent U, Length, Nurber of Mean hardener,
C814-122 wt % wt % wt % wt % Design in. samples wt% S

-A-I 58.6 10.6 30.8 -- 3.c 8 3 39.0 8.7
-A-2 57.8 10.4 31.8 - 3.C 8 4 28.0 8.7
-A-3 57.9 10.4 31.7 - 3.C 8 5 40.0 8.4
-A-4 58.9 10.6 30.4 - 3.C 8 5 32.0 4.1
-A-5 60.8 10.9 28.2 -- 3.C 8 5 25.0 7.1

-B-4 58.1 10.5 31.4 3.D 12 Pack;age ruptured
-B-5 55.8 10.2 33.0 - 3.D 12 Package ruptured

-C-I 48.4 8.7 37.7 5.2 3.C 8 5 50.0 21.0
-C-2 48.8 8.8 37.2 5.1 3.C 8 5 40.0 12.0
-C-3 49.2 8.9 36.9 5.0 3.C 8 8 34.0 24.0
-C-4 48.6 8.7 37.6 5.1 3.C 8 5 34.0 26.0

-0-1 50.0 8.8 37.1 5.1 3.D 12 Package ruptured
-B-2 45.7 8.2 40.6 5.5 3.D 12 5 50.0 16.0
-B-3 52.2 9.4 33.7 4.6 3.o 12 4 51.0 17.0

TABLE 5. EFFECT OF PROCESSOR SPEED ON MIXING

Kit contents Processor Mixing data
Kit Epon 828, Araldite Rr-2, [ETA, (.,ing Agent U, Linear velocity, Nater of Mean hardener,
C814-122 wt % wt % wt % Wt % ft/min sanples wt % S

-D-1 46.9 8.5 39.2 5.4 5.5 5 56.0 30.0
-D-2 48.4 8.7 37.7 5.2 4.4 5 37.0 8.2
-D-3 47.8 8.6 38.4 5.2 3.3 4 51.0 4.2
-D--4 40.9 7.4 45.5 6.2 2.2 4 44.0 5.1
-0-5 45.3 8.2 40.9 5.6 1.1 5 56.0 6.4

3.5 Effect of Multiple Passes on Mixing.

Ten kits were fabricated with a 14-in. mixing chamber of design 3.A.
The liquid-components reservoir in these kits was design 2.B. Each kit was

processed at a speed of 4.4 ft/min, and either one, three, or five passes
through the processor were used. As shown in Table 6, mixing is improved as
the number of passes is increased.

3.6 Fibrous Pad Containing Hardener.

We next investigated an alternative design for the mixing chamber
that would provide a more tortuous path than any of the designs discussed thus
far. The design incorporated a fibrous pad in the mixing chamber. The pad is
impregnated with the hardener, leaving only the resin mixture in the liquid-
components reservoir. In our first experiments using this design, the

13



spectroscopy results indicated that the mixed resin contained more than 100%
hardener. Apparently the DETA extracted a soluble component from the pads that
interfered with the spectroscopic method. Visual inspection of the mixed resin
indicated that mixing was relatively uniform.

3.7 Effect of MixingWith a Hand Roller.

The first kit design that we considered included a two-compartment
reservoir and a patch compartment. The two-compartment reservoir was connected
by a burstable seal, and mixing was accomplished in the reservoir with a
hand-held roller. Six kits were prepared and evaluated to determine the
effectiveness of hand mixing. As shown in Table 7, mixing improves as the
number of passes of the roller across the kit increases.

TABLE h. EFFECT OF NIMBEIR OF PASSES THROUGH PROCESSOR ON MIXING

Kit contenLs Mixing data
Kit F4xmn 828 Araldite RJ)2, I.rA (iring /Cet U, Nuax-r of Nwber of M.an hardener,
(814-134 Wt t % k % passes saiples t %S

-A-I 57.4 10.4 28.3 3.9 1 5 31.0 20.0
-A-2 54.0 9.7 31.9 4.4 1 5 54.0 22.0
-A-3 52.8 9.5 33.2 4.5 1 5 55.0 24.0
-A-4 50.6 9.1 35.5 4.8 1 5 58.0 27.0
-A-5 54.5 9.8 31.4 4.3 3 5 38.0 11.0

-B-I 50.9 9.2 35.1 49.3 3 5 48.0 13.0
-B-2 53.9 9.6 32.2 4.3 Package ruptured

-&-3 51 .i 9.2 35.0 4.7 5 5 41.0 3.1
-B-4 57.2 10.3 28.6 3.9 5 5 33.0 6.5
-B-5 53.3 9.6 32.6 4.5 5 5 36.0 6.4

TABLE 7. EFFECT OF HAND PROCESSING ON MIXING

Kit Epot 828, DETA tkwhbr of Nzmber of ?ean hardener,
V t % passes samples *& 2 S

-1 57.0 43.0 5 4 34.0 10.0
-2 63.2 36.8 15 5 38.0 11.0
-3 78.2 21.8 15 5 20.0 5.0
-4 68.6 31.4 50 4 27.0 1.6
-5 74.8 25.2 50 5 22.0 2.1
-6 74.4 25.6 50 5 21.0 1.7

14
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3.8 Pot-Life Studies.

A study to determine the pot lives and cure times (time to hardness)
was conducted using different stoichiometric ratios of hardener to resin. The
components were mixed by hand in polyethylene beakers, and the elapsed time
before they gelled (pot life) and completely hardened (cure time) were
determined. This procedure was performed with a mixture of 15.28% by weight of
Araldite RD-2 Reactive Diluent and 84.72% Epon 828 as the resin. DETA was used
as the hardener in one study, and a mixture of 88.25% DETA and 11.75% Curing
Agent U was used in the other. The results are shown in Figures 4 and 5
respectively. In general, both systems showed a wide tolerance for the resin-
to-hardener ratio in terms of the pot life and cure time. The effect of the
ratio on the strength of the cured resin was not determined.

SI I l l l

SI oPOTLIFE goo0
* CURE TIME

7

6

5

0

3

OL__0 000

010 20 30 40 s0 60
HARDENER, parts per hundred resin $6544

Figure 4. Pot life and cure time for Epon 828. RD-2DETA System.
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Figure 5. Pot life for Epon 828: Araldite RD-2/DETA: Curing Agent U System.

4. CONCLUSIONS AND RECOMMENDATIONS

The results obtained from the mixing studies show that mixing can be

influenced by the design of the liquid-components reservoir and the mixing
chamber. Other factors, however, such as the viscosity of the liquid
components, the speed at which the kit is processed, and the number of passes
through the processor, have a greater influence on the degree of mixing that
can be obtained. The best mixing that we obtained was achieved with a
hand-held roller of the type sold by Tra-Con, Medford, MA. In 50 passes with

the hand-held roller, we obtained better mixing than in any of the experiments
involving the wringer-type processor.

We believe that a kit based on the use of a hand-held roller can be

developed most rapidly and that the kit can accomodate a wide range of resin
types. However, because a kit based on a hand-held roller would not represent
a significant advancement over commercially available products, we do not
recommend that this approach be pursued further. While we have not yet
demonstrated thorough mixing with a wringer-type processor, we feel that an
acceptable kit can be developed for certain low-viscosity systems.
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